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DUPLICATj 



COMPOSITIONS 

THis invention relates to non-aqueous radiation curable Inks end to their us$ in ink 
jet printing. 

Ink Jet printing is a non-contact method by which droplets of ink are ejected 
through a fine nozzle onto a substrate. There ane many demanding performance 
5 requirements fat Inks used (n Ink jet. For example they are required to pass through the 
fine ink jet nozzles without blocking them. They desirably provide sharp, non-feaihered 
images having good water-, solvent- light- and ozone-fastness, attractive colour and high 
4 optical density. Further desirable properties for ink jet printing inks Include a fast dry time 
(to facilitate high-speed printing), a low viscosity to enable the Inks to be'ased in a wide 
10 range of ink jet printers, excellent mechanical resistance (to avoid the prints being rubbed 
off), low turi end good adhesion to a range of substrates. 

Ink jet printing inks typically used in home and office Ink jet printers are typically 
aqueous and contain organic solvents^ While these inks have acceptable performance 
when printing on absorbent substrates such as paper, they are not of much use for 
15 printing, rion-absortoent substrates such as metals or plastics. Furthermore the dry times 
of cqiwefnfional aqueous ink Jet inks, and even solvent-based InkJet inks, can be rather 
long, the resultant images can suffer from poor rub-fastness and UghWastness (often 
du0 to the presence of dyes rather than pigments). Solvent-based inks have the 
disadvantage of releasing volatile organic chemicals into the atmosphere and creating 
20 maiodoun* or fire hazards in confined areas lacking adequate ventilation. 

According to the first aspect of the present Invention there Is provided a rion- 
aqueoijs. radiaflon-curable ink comprising pigment, di9persant and a liquid carrier, 
wherein the pigment has an acid value greater than 8 mg of NaOH per gram of pigment 
Preferably the pigment has covalently attached addle groups, e.g c&rboxy, 
25 phosphate and/or sulpho groups, especially carbaxy groups. 
- Preferably the pigment has a pH bslow 7. 
The acid value of the pigment Is preferably greater than 9, more preferably greater 
than 1ft especially greater than 12 mg of NaOH per gram of pigment. In orte emdlement 
the add! value Is up to 40 mg of NaOH per gram of pigment 
30 the add value of the pigment Is the number of milligrams of sodium hydroxide 

required to neutralise the 1g of pigment. This may be measured by a number of methods, 
preferably by suspending 5g of the pigment In 60cm s of 0. 1 M sodium hydroxide solution, 
sonicating the suspension for 30 minutes at 25*0, removing the pigment by filtration and 
titrating 25cm 3 of the filtrate using 0.05M sulphuric add to a pH of 7.0 according to a glass 
35 electrize pH meter, wherein the acid value Is calculated by the fallowing equation; 

* add value '=* (40 - (1.6 X (volume In cm 5 of 0.05W sulphuric add titrate required to 
achieve the pH of 7.0)) mg of NaOH per gram of pigment. 



fbr example, 12.6 cm 3 of 0.05M sulphuric acid titrate shows the pigment had an 
add velile of 20 mg of NaOH per gram at pigment 5 crn s shows the pigment had an add 
value of 32 mg of NaOH per gram of pigment If the pigment is expected to have an acJd 
value above 40 this ma/ be measured using the same method described above except 
that less than 6g of pigment is used (e,g> 2*5g or 1 ;2Sg and so forth) and the equation Is 
modified, In p«>portIon to the reduction in pigment weight {e.g, doubling, quadrupling and 
©ofbrth)j 

the pH of the pigment may be determined by sonicating 10 parts of the pigment In 
100' parts of deionlsed water for 30 minutes then measuring the pH of the water using a 
gfass electrode pH meter, wherein all parts are by weight 

Preferably the pigment has a pH of less than or equal to 6, more preferably less than or 
equal to 5, especially less than or equal to 4. 

the amount of pigment In the ink Is preferably 0.1 to 14%, more preferably 1 to 
1Q% and especially 1.1 to B% by weight, relative to the total weight of the Inlc Preferred 
pigment? are yellow, magenta, cyan, black, blue, Indigo, violet, green, onange or red and 
mbilu^a comprising too or mane thereof. Preferably the ink is free from titanium dioxide. 

the pigment fe preferably a carbon black pigment, more preferably a carbon black 
pigment having a BET surface area of 50 tp 400 m 2 /g, more preferably 1i)0 to 300 m*/g. 
The BEt surface area may be determined by ISO 4652. 

Gsrbon black pigments with an DBP absorption of 50 to 200 ml/100g, more 
preferably 60 to 170 ml/1Q0g, especially^ to '140 ml/IOOg, more especially. 105 to 115 
1 ml/100^ are preferred due to their wetting properties DBP absorption may be measured 
by JIS {Japanese Institute of standards) method K62£i / 

The pigment is ^preferably in the form particles which are small enough to pass 
through the very fine nozzles used In the printheads of Ink Jet printers. TyplcaHy these 
nozzle^ are half the diameter of a human hair. Thus the average particle size, of the 
pigment to preferably 14 to 120nm, more preferably 18 to 60nm especially 20 to 3Qnmas 
this results in particularly good curing of the ink. Preferably 90% or more of the pigment 
particles are within 50% of the average particle size. By choosing particles of this size 
advantage can be achieved in terms of storage stability for the ink, cure speed and high 
optical jtensity tor the resultant prints- Pigment perfide sizes outside tbe&e ranges may 
bd used where* printheads having particularly large nozzle diameters are used- Very - 
firie dispersions of pigments and methods for their preparation are disclosed in, for 
exam^e, BP 0 776 952, US 5,538,646. US 5.443,628, EP 0 259 130, US 5,285,084, lEP 0 
429 828 and EP D 526 19B. 

For information, the primary particle size, BET surface area, DBP absorption, and 
pH of various commercially available pigments are as follows; 
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The amount of dispersant In the ink is preferably 0.1 to 10%, more preferably 0.3 
to B% grid especially 0,5 to ©% by weight relative to the total weight of the ink. 
S Preferred dispersants Include those cohteiinfng "amine and/or imlne groups.' for example a 
popster amine br fmine, especially the reectlon produd of a poty(C^alkytene)imiiie with 
a polyester having a free cartfoxylic acldf group, In which toere are at leas* two polyester 
chains. attached to each poly(C^-a!kyWie)-imine chain* As dlspersants the reaction 
product of poiy(^hyleneImlne) and/or polyalkylamlne with e-oaprolactone and/or 8- 
10 valerolactone-are especially preferred. % 

Suitable dispersants and their preparation are described in detail in US patent 
nuriiber 6,197,677. the disclosure of Which Is Incorporated herein by reference thereto. 

Examples of suitable dlspersants Include Solsperse™ 11000, Solsperse™ 32000, 
Sofspefrse ™ 8000, (available from Avecla Limited) and P92-9590 (available from Sun 
as Chemical). 

The pigment and dispersant are preferably added to the ink as a mixture. For 
exampfe, a mixture of a pigment and a dispersant may be made by milling pigment in a 
sntall amount of the liquid carrier with a milling media, e.g. glass beads. The pigment 
dispersion is then typically screened and *let dowf by slowly adding the remaining liquid 
20 Garner. 

The amount of liquid carrier in the ink Is preferably 76 to 99-8%, more preferably 
82 to 98.7% Sand especially 86 to 08.4% by weight, relative to the total weight of the ink. 
Prefeflgfbly the carrier comprises a mixture of (meth)acrylate compounds, more preferably 
a .mixture comprising one or more mono (meth)acrylate compounds, one or more & 



(meth)acjylate compounds end one or more compounds having three or more . 
(meth)ab{ylate groups. - 

Mono (meth)acrytete compounds have one (and only one) ecrylate or methacrylate 
group. This group Is, as Is known In the art, polymerisable when Irradiated In the 
presence of a photo-lnltlator. (Meth)acrylate groups are represented by the formula: 

CH 2 

wherein R is H or methyl, 

Vhe mono (meth)adylate compound is preferably a monomer. Examples of mono 
(methacrylate monomers include cyclic trimethylolpropane formal (meth)acrytete, 
ethoxylatetf telra hydrofurfu^l (meth)acrylat© p phenoxy ethyl Cmeth)acrylate, trimethylol 
prapan£ formal (meih)acrytate, lauryl (meth)acryLaie, stearyl (meth)acrylate, 
moriomethoxy neopentyi glycol pnopoxyterte mono (meth)acrylate. monomethoxy 
tripfapytene glycol mono <meth)aaylate, 2^2-ethoxyethoxy) ethyl (meth)acrylate. Iso- 
decyl (imthjacrylate, iso-octyl (meth)aarylate f Iso-nonyl (meth)acrylate l tridecyl 
(meth)aerylate, Iso-borhyl (methjacryiate, ethoxyl nonyl phenol (meth)aciylate; 
ethoxylated phenol (meth)acrylate, 2-hydnoxyl ethyl (meth) acrylate< 4-hydroxyI butyl 
(meth).acrylat^ 2-hydroxy : pnopyI. (meth) acrylete, Iso-butyl (meth) aaylate, tert-butyl 
(meth)! , acrylata, cetyi .[(methjaorylate, cydohexyl (meth)acrylate, ethyl hexyl 
(i^th)£crylate, 2<flmethyl amino ethyl (meth) acrylate. trtflu6rd ethyl (meth)acrytete.< 3- 
; methoxy butyl (meth)acrytate, dicyclc^entenyl (meth)acrylate, polyethylene gfycol mono 
(meth)$bryrate and poly, propylene glycol mono (meth)acrylate. Preferred mono 
(meth)aprylate monomers Include teuryl (meth)acrylate f tetrahydro furfuryl {methjacrylate, 
2-(2^tho>yethQxy)ethyl (methjacrylate, Iso-octyl (meth)aaylate; Iso^decyl (methjacrylate, 
tridecyl .(meth)ecrytafe, dodecyl (meth)acrylate, isobornyl (meth)aciylate, cyclic trimethylol 
prtipari$ formal (meth)acryiate. 

DI (meth)acrylate compounds have two (and only two) groups selected from 
acrylafq and metHafcrylate. 

Preferred di (meth)acrylate compounds are di (meth)aaytate monomers, for 
examjSl£ dlftrtetfijacrylates of 1,4-butan© dlol, 1-6-haxane dlol, neopentyi glycol, mono, di, 
trl and .poly ethylene glycols, mono, dl, tri and poly propylene glycols, mono methoxy 
ethoxylated trimethylolpropane, pnopoxylaied neopentyi glycol, ethoxylated neopentyi 
glycol j 1,2'butylene glycol and ethoxylated hexene dlol. 

The dompound(s) having three or more (meth) aery late groups ftave three or more 
groupp.seleoted from acrylate and methacrylate. The compound having three or more 
(meth^crylate groups is preferably a monomer, oligomer or polymer, preferred examples 
of which Include trimethylol propane W(meth)acrylate, ethoxylated trimethylol propane 
triCmetoJacrylate, propoxyfated trimethylol propane tri(meth)acrylate, glycerol 




trifmeth^cfylate, propoxylated glycerol ^(mettyaccylate. pentaerythrttol tri(meth)acry!ate, 
penfaerythritol tetra{melh)3C3yiate, Ms (2-hydroxyethyl) isccyanurate triacrylate, 
ditrirttfilbyiol propane tetra (methjacrylate, ethoxylated pentaeiythrito! tetra(rneth)acrylate, 
ethokyla^ed df-pentaeryllhritol tetra (meth)acrylate, tetna methylol methane tetra 
(methjacaylate, multifunctional (methjaoylate-unethanes, (methjacrylate-polyesters and 
(meth)aqrylate acryEcs* 

In view of the above preferences the carter preferably comprises a mixture oft 
(a) 0 to 70 parts, more preferably 10 to 60 parts of mono (meth)acrytete 
compound(s); 

5 to 99,9 parts, more preferably 10 to 65 parte of dl (meth)acryiate 
compound(s); 

(e> 0 to 70 parts, more preferably £ td 50 parts of <Jompound(e) having three or 

mora (meth)acrylate groups; and 
(&) 0,1 to 1B parts, more preferably 4 to 12 parts of one Of more ph#0inrtiator<5); 
wherein ail parts are by weight and the number of parts (a) + (b) + (c) + <d) add up to 1 00. 

Preferred photolnWators include alpha diketones, mcnoketals of alpha-diketones 
or ketoaldehydes, acylolns and their corresponding ethers, chromophore^sub$tituted halo- 
s-triazin£s« and chrpmophore-substituted hatomethyl-oxadiozoles. Specific exampfes of 
phdtoiriitiatotfs include acetophenone. pfopiophenone, 2-phenyl-acetophenbne, 2-chloro- 
2-phenyJ-acetQphenone, 2-2^(chior6-2-phenyl-acetophenone > 24iutoxy-2-phenyl 
acetephenon6, 2^Kllmethoxy-2-phenyl-acetaphenone J 2 v 2-diethoxy-a»tpphenone t 2- 
me^yl*j-2^etho3V-2-phehyl- acetophenone, benzophenone, 4-trtc^lorc>methyl 
berizoRftehons, indenone, 1-3-lndanedicne, fluonenone, xarrthone, thtoxahthone, 2- 
chldrdthioJcanthpne, anthraquinbne, 2-ethylanthraqulrlone, blaoetyi. Blyoxal, 1,2- 
indanedlone. p^Iorophenyl-glyoxal, bdnzil, camphoqulnone, and benzoin methyl and 
ethyl enters. The Ink optionally further contains one or more oo-initiators or .amine 
syn£rgjj?ts In order to improve cure rate, Examples Include Isopropylthloxafithone, ethyl-4- 
(dlfnetiiyiamlne} benzoate, 2-ethyl hexyl dimethytaminoberaoate and dimethylaminoethyi t 
rn$lra£rylate* Preferably the phoblnitfator fs other than, a catlonlc photolnWator. 
CtSrrirrfcirdal photolnltlatorB particularity suitable for use In the present Invention include 
SpbedcuiB™ rtX Speedcure™ EHA, and lrgacunB™*369. 
: Preferably the photolnlOator is soluble in the carrier, 

A single photolnitlator may be used although ft te preferable the photolnltlator is a 
mixture; of two or more photoinitlators bemuse this can lead to a ttooader spectral 
response Improved depth of cure and Improved cure rate with opacifying pigments such 
a& carbon black. 

Preferably the carrier further comprises a stabiliser to Improve the. storage stability 
of the ink and prevent premature curing. The stabiliser is preferably an antioxidant, a 
radlcaj trap, a radical quencher or the (ike. e.g. a phenol, thiol, qulnone, hydnoqufnone. 
amln3,xanthate or an N-alkyi or N-aryl anilines. Too much stabiliser M) prevent cure 



entirely. Hence preferred amounts of stabiliser are 0 to 10 parts, more preferably 0.01 to 
5 psirts, and especially 0.1 to 3 parts by weight relative to the total number of parte of 
earner Mbtfures of stabilisers are preferable for the best Ink storage lifetime!. 

Preferably the Ink- is curable by actinic radiation or particle beams, especially by 
ultraviolet light or electron beam radiatioa 

' 6^tlonaIly the carrier farther comprises a polymer or oligomer containing no 
(meth)awylate groups, e.g. one or more vinyl ethers and/or styrene. Preferably the 
polymer 4 and oligomer containing no (meth)acrylate groups Is present In the ink at from 0 
to IS p^jrta, more preferably 0 to 10 parte and most preferably 0 to 5 parte by weight 
relative to the total weight of the carrier. 

Preferably inks of the present Invention are substantially solvent free. That id to 
say; no Solvent or water is present In the ink except for trace amounts which may be 
prestentjas impurities in any of the Ink components. Preferably any such residues an© less 
than 2%;, mote preferably less .than 0.5% and especially less than 0-01% by weight 
relative to the total weight of Ink. 

The viscosity of the Inks of the present invention Is preferably 1 to 30 tttPa.s, more 
preferably from 2 to 25 mPais at eo ft C. The Ink composition rcjay optionally have a higher 
viscosity: at room temperature provided that the final Ink meets the above viscosity 
requirements at the above temperature. 

The surfeoe tenslorl of the ink of the present invention Is preferably below 
dynes/crh. - 

hhks of the present invention are preferably free from particles that would block an 
ink }$t nozzle. To achieve this the ink may be filtered through a filter with a pore size of 
less th£ft lOijm, more preferably less than 34m and especially less than 1qm. • 

Bearing in mind the above preferences, a particularly preferred ink according to 
the Invention, is a nonaqueous, substantially solvent-free radiation curable Ink having a - 
viscosity erf 1 to 30m Pa.s at 60°C comprising: 

(I) 1 to 10 % of one or more pigments having an acid value in foe range 12 to 40 
mg bf NaOH per gram of pigment, a BET surface Area of 100 to aSOnrtg and a 
DBP absorption of SO to 150ml/100g; 
• (it) . 0.5 to 6% of on© or more dispersants having amine and/or Irnine groups; and 
(IB) Hie balance to 100% being a liquid carrier; 
wHere^ ali % are by weight and the liquid carrier comprises a mixture of: - 

(a) 0 to 70 parts, more preferably 10 to 60 parts of one or more* mono 
<meth)acrylate compound(s) selected from the group consisting of cyclic 
trimethylolpropane formal (rrath)acrylate, ethoxylated tetra hydrofurfiiry! 
(meth)acrylate, phenaxy ethyl (meth)acry)ate, trimethylo* propane formal 
(meth)acrylate, lauryl (methjacrylate, steaiyl (meth)acrylate, monomethoxy 
neopentyl glycol propoxate mono (mettOacrylate, monomethoxy 
trlpropylene glycol mono (meth)acrylate, 2-(2-ethoxyethoxy) ethyl 



, <meth)acrylate. Iso-decyl (meth)acrylate, iso-octyl (meth)acryiatB, iso-nonyl 

(meth)acryiete, tridecyl (meth)acrylate. teo-bomyt (math)acrylate. ethoxyl 
nonyl phenol (meth)acrylate, ethoxylated phenol (rneth)aciylate. 2-hydroxyl 
ethyl (meth} aeryiate, 4-hydroxyl butyl (meth) acryl&te. 2*ydroxy propyl 
(meth) aeryiate, Iso-butyl (meth) aeryiate, tart-butyl (meth) aeryiate. cetyl 
(meth)acrylate. cyclohexyt (methtecrylate, ethyl hexyl <meth)acrylate, 2- 
dimethyl amino ethyl (meth) aeryiate, trffluara ethyl (meth)acrylate, 3- 
methoxy butyl (methjacrylate, dtaycloperitenyl (meth)acrytate. polyethylene 
glycol mono (meth)acrylate and poly propylene glycol mono (meth)acrylate 
and mixtures thereof; 
<b) 5 tp 99.9 parts, more preferably 10 to 86 pate of one or more dl 
. (meth)aorylate compoUhd(s) selected from the group consisting of 
di(meth)acrylates of 1 ,4-butene dial. 1 ,6-hexane diol, neopetityl glycol, 
mono. dt. tri and poly ethylene glycols, mono, dt, trl arid poly propylene 
gtycols, mono methoxy ethoxylated trlmethylolpropane. propbxylated 
rieopentyl glycol, ethoxylated neopentyl glycol. 1 ,2-butylene glycol and 
ethoxylated hexane dlol and mixtures thereof; 
• (c) 0 to 70 parts, more preferably 5 to 50 parts of one or more compound^) 
having three or more (meth)acrylate groups selected from the group 
consisting of trimethylol propane tri(meth)acrylate, ethoxylated trlmethylol 
i propane tri(meth)aerylate. propoxylated trimethylol propane 

tri(meth)acrylate, glycerol tritmeth^crylate, propoxylated glycerol * 
tri(meth)acrylate. pentaerythritol W(meth)acrylate> pentaerythritol 
tetra{mefli)acrylate. trls <2*ydroxyethyl) Isocyanurate trlacrylate, 
dltrimethylol propane tetra (meth)acrylate, ethoxylated pentaerythritol 
tetra(meto)acrytafe. ethoxylated dl-pentaerylthrito! tetra <mefh)aaylate. 
tetra methylol methane tetra (meth)acryiat$. multifunctional 
<meth)acrylate-urethanes. (meth)acrylste-polyesterB and (meth)acrylate 
acrylics and mixtures thereof, and 
(d) 0.1 to 15 parts, more preferably 4 to 12 parts of one or more 

photoinitiatorfe); • . 
*t*retn all parte are by weight and the number of parts (a) * (b) * (e) ♦ <d) «*< «P * ' 

V«quKl carrier may of course contain further components In addWon to 
„*JH Z to CaT pechil above, for example preaervatt.es, btoddea. rheology 

agente, anting agente. - W - 

VIM lb merely Intended to define the ratio of «eae components relate* to one another 

'"^TLpretarsd InKtha oteor mora mono<math)ac^e «*dM donate of a 
mtoJT^bomyt aeryiate: the one or more d. (mediate compounds 



aretripr^pyiene glycol dlacrytete and dipropyiene glycol diacrylate; mixture of one or more 
compound having three or more (msth)acryls*e groups Is trimethyolpropane irlacryiafe 
and (Bthpxyteted) 3 trimethyolpropane triacrylate. Preferably the pigment te a carbon black 
plgment.having a pH in below 7, Such carbon blacks are commercially available and are 
often manufactured by oxidising a neutral cairbon black during routine manufacture (for 
e*sjmpl;& gas blade manufacture where oxygen has been Introduced into the gas stream}. 

In contrast to conventional Inkjet printing Inks, the Inks of the present invention 
possess several potential advantages. They can be formulated completely free from 
soHteni. making them substantially more environmentally friendly than conventional 
SQlirenfc-based Inks In which considerable amounts of solvent ane emitted into the 
atmosphere.. When Inkjet printing non-absorbing substrates* e,g. metals and plastics, the 
sp^ed :df printing for the present inks can be much greater than tor tft£ conventional 
aqueous and solvent-based inks resulting in greater productivity. 

.Wmpa'md to conventional ink jet printing inks, the inks of the present invention 
hgve several industrial printing advantages in regard to the quality of the printing and 
reduced tendency to block the fine nozzles typically used in ink jet printers. 

According to a second aspect of the present Invention there is provided a process 
for 1 printing an Image onto a substrate comprising applying thereto an ink according to the 
first a4pect of the present Invention by means of an ink let printer and curing the ink, 
preferably using an electron beam or more preferably using ultra violet light. Printed 
substrates obtained by this process form a further feature of the present Invention. 

Preferred substrates are metal, plastic, ceramic, glass, wood and papers. 
Preferred applications Include prinling for home/offlde use r packaging, labelling and 
barttodes, particularly wide format graphics, signage, wall coverings and decorative 
laminates. 

According to a third aspect of the present invention there Is provided an ink jet 
printer cartridge Comprising a chamber and an ink wherein the Ink Is present In the 
ctetmfcter and is as defined in the first aspect of the invention, 

The invention in further illustrated by fee following examples in which ail parts and 
pen&ajfeges are by weight unless otherwise stated. 

E&rhple J and Comparativ e examples C1. C2 and C3 

The procedure for preparing all inks described in Tabfe 1 was as follows: 
Preparation of Mlllbases 

. .Mlllbases were prepared by bead milling the pigment with approximately 60% & 
the Sartomer 306 described In the Example together with elt the Soisperse™ 
dlspefearitfc) indicated in Table 2 until a fine particle dispersion was formed. 
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Prep aration of Inks 

' The remaining components indicated in Table 1 for each Ink were then added to 
the miljbases h the dark and the mixture was homogenised and then filtered through 3um 
and 1>iim Pall Profile I1 1" cartridge segments, 

3 ' ■ ' 

Results 

• The Inks described In Table 1 (Example 1 end Comparative Examples C1 to C3) 
were tested for jetting performance In a Toshiba TEC grey scale print head controlled by a 
Kensa PCB poara\ The print testing was carried out using the following procedure. First. 

10 the prliit head thoroughly was purged with Ink to remove air bubbles. The heating system 
was Adjusted to achieve a constant Jetting temperature of 45°C Then the print head drive 
voltage was adjusted <ca. 20 - 25 volts) such that the head Is firing 42pl drops drop 
volume for each head. Next the print head was operated for 5 minutes and the number of 
nozzles lost after five minutes was recorded. At the end of the 5 minute print test the 

15 head :was cleaned and the 5 minute print test was repeated. This test was performed 1 2 
tlmes.ln total for each ink and the total number of nozzles "tosT 0.e. the total number of 
nozzles which stopped working) during the 12 tests was recorded In Table 2: 
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Table 1 



[naiedfdht 
Commercial 
nam© * 


Technical 
Description 


Comparative 
Example 
C1 
% 


Comparative 
Example 
C2wt% 


Comparative 
Example • 
C3wt% 


Example 
14wt% 


Resal;2S6R™. 


Carbon Black 
pigment 


2.60 




— 


— 


Specif Black 


Carbon Black 
pigment 




2.50 






Specif Black 
330™., 


Carton Black 
pigment 


- 


-— 


2.50 




SpecialBlack 


Carbon Blade 
pigment 


— 






2.50 


Sdlsiiefee™ 
32000 

i 
» 


pispersant having 
amino/1 rnino 
groups 


1.56 


0.60 


0.86 


0.94 


Sqlsp^ijse™ 
5000 . 


Dispereant 


0.09 


0.00 


0.06 


0 


Sartdrper™ 
505 .: . 


Isobornyl actuate 


36.55 


37.40 


37.20 


36.35 


Actilane' 1 *" 
4^2 1. 


diprapyleneglycol; 
dracryalt© 


18.00 


18.00 


18.00 


. 18.00 


i — — H — < 

Sartorper™ 

3QS ... 


trtpropyleneglycol 
diacrylate 


.11.50 


11.50 


11.50 


12.21 


AstilaDe™ 


Ethoxylated 

trimethylolpropane 

triacrylate 


10,00 


10.60 


10.00 


10.00 


Actilane™ 
261 . 


Urethanetri 
acryiate oligomer 


10.00 


10.00 


10.00 


10.00 


Irgacqre™ 


Photo-initiator 


4 


4 


4 


4 


Speacjcure™ 

EHA . . . 


Amine Synei^tet 


4 


4 


4 


4 


Speedcure™ 

ITX .. . . 


Photo-lnrtiator 

j 


2 


2 


2 


2 
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Table 2 



. — j 


ProDBrties of the pigment 


Ink iettina 


Exanjple 

• 


Carbon 
Black 


P H 


Add 

Value. 
(mgNaOH/ . 
q phimeint) 


Primary 
particle size 
(ram) 


BET 

(rrrVg) 


DBP 


Total No. of 
tost nozzles 


U ; t • 

; C1 


Regal 
250R 


7.75 


0 


34 


55 




5 


• C2 1 


; Special 
Black 250 


3.95 


3.8 


56 


40 




4 


■ <33 

i . .i 


Special ' 
Black 360 


4.16 


4,4 


31 


65 - 




12 


1 

• 

• • 


Spedai 
. Black 4 


2.83 


27.8 


25 


180 


110 


0 



The qbove table shows that the Ink of Example 1 has better jetting reliability than any of 
the Cpsmparative Examples (CI , C2, C3), 



. CLAIMS 

1 . ; A nonaqueous, radiation-curable ink comprising pigment, dfepersarit and a liquid 
carrier, wherein the pigment Has an acid value greater than & mg of NaOH per gram of 
pigment 

2. An Ink according to claim 1 having a viscosity of i to 30 rnPa,s at 60°C. 

3. An Ink according to any one of the preceding claims wherein the dlspersant 
contains amrne and/or imine groups. 

4. ' An ink according to any one of the preceding claims wherein the dispensant Is a 
polyester amine or imine. 

5. An Ink according to any one of me preceding claims wherein the pigment is carbon 
black pigment having a BET surface area of SO to 400 nrrVg. 

6. ! An Ink according to any one of the preceding claims wherein the pigment Is carbon 
black pigment' having DBP absorption of SO to 200 ml/100g. 

i 

7. ! An ink according to any one of the preceding claims wherein the pigment has a Ph 
of less (than -or" equal to 6. ' 

i " • 

$.: An ink according to any one of the preceding claims wherein the pigment has 
co'val^ntiy attached acidic groups. 

i 

9, An ink according to any one of the preceding claims which is substantially solvent- 

i& An Ink according to any one of the preceding da!m$ wherein the carrier comprises 
* mixiMte"cc«yipilsJria one or more mono (meth)ecrylate compounds, one or more di 
(methfacfylate compounds and one or more compounds having three or more 
(i^th)acrylafe groups- 

11; An ink according to any one of the preceding claims wherein the carrier comprises 
ambdu'reoft 

(a) 0 to 65,parts of mono (methjacrylate compound(s); 

(b) n o to 99.9 parts of di (methjacrylate compound(s); 

j (c) 0 to 70 parte of compound(s) having three or more (meth)acrytate groups; 
•• and 



(d) 0.1 to 15 parts of photolnltlator(s)', 
wft6re)ri all parts are by weight and the number of parts (a) + (b) + (o) + (dj add up to 100. 

: 
i 

li . An Ink according to any one of the preceding dalrhs which Is free from particles 
that would block an ink jet nozzle. 

1 i An Ink according to any one of the preceding daims a non-aqueous, substantially 
s^lveri>fr3e radiation curable Ink having a viscosity of 1 to 30m Pa.s at 60°C comprising: 
; (i): 1 to "i 0 % of one or more pigments having an add value in the range 12 to 4q 
mg of NaOH per gram of pigment, a BET surface Area of 100 to 260rrr7g and a 
DBP absorption of 80 to 1 J50ml/1 OOg; 
: (D)i 0.5 to 6% of one or more dlspereants having amine and/or Imlne groups; and 
" (iity the balance to 100% being a liquid canrier; 
wfiereln all % axe by weight and the liquid carrier comprises a mixture of: 

(aj 1 0 to 66 parts of one or more mono (methjacrylate compoUnd(s) selected 
from the group consisting of cyolio trimethylolpropane formal 
(metHJacrylate, ethoxylated tetra hydrofurfuryt <meth)acrylate, phenoxy 
ethyl (rnethjacrylate, trimethylol propane formal (meth)acryiate, jauryl 
(meth)acrylate, stearyl (meth)aorylate, monomethoxy neopemyi glycol 
propoxylate mono (methjacrylate. monomethoxy tripropylene glycol mono 
(memjacrylate, 2"(2>-ethoxyethoxy) ethyl (methjacrylate, IsO^fecyl 
<si (memjacrylate, iso-Odyi (meth)acrylate, Iso-nonyl (methjacrylate. tridecyl-. 

(methjacrylate, iso-bomyl (methjacrylate, ethoxyl nonyl phenol 
(methjacrylate, ethoxylated phenol (methjacrylate, 2-hydroxyi ethyl (meth) 
acrylate, 4-hydroxyl butyl (methj acrylate, 2-hydroxy propyl (methj acrylate, 
Iso-butyl (meth) acrylate, tertbulyl (meth) acrylate, cetyl (methjacrylate, 
cydohexyl (methjacrylate, ethyl hexyl (methjacrylate, 2-dlmethyl amino 
ethyl (meth) acrylate. trffluoro ethyl (methjacrylate, 3-methdxy butyl 
(meth)acrylate, dicydopentenyl (methjacrylate, polyethylene glycol mono 
(methjacrylate and poly propylene glycol mono (meth)aciryiate and 
mixtures thereof; - 
(bj 20 to 70 parte of one or more dl (methjaorylate compound^) selected from 
1 the group consisting of dl(meth)aaylates of 1 ,4-butarie dlol, 1 ,6-hexane 

dlol, neopentyl' glycol, mono, di, trt and poly ethylene glycols, mono, di, tri 
and poly propylene glycols, mono methoxy ethoxylated Wmethylolpropane, 
propdxyiated neopentyl glycol, ethoxylated neoperrtyl glycolj 1 ,2-butylene 
: . glycol and ethoxylated hexane dip! and mixtures thereof; and 

(c) 5 to 50 parte of one or more compound(s) having three or more 

(mofthjacrylate groups selected from the group consisting of trimethylol 
. . .. propane trlfmethjacrylate. ethoxylated trimethylol propane .. 



propoxylated trimethylol propane trKmethOacrylate, glycerol 
trl(meth)acrylate, propoxylated glycerol tri(meth)acrylate, peniaerythrftol 
lrf(melh)aerylate, pentaetythiitoi tetra(meth)acrylate. tris (24iydrc*yethyl) 
Isocyanurate triacrylate, dnrimethylol propane tetra (meth)acrylate, 
ethaxylated pentaerythritol tetra(meth)aaylate, ethoxylated dl- 
pentaerytthrttoJ tetra (melh)aeryl3ta. tetra methytol methane tetra 
(meth)acfyiate, multifunctional (meth)aay!ate-urethanes , (meth)acrylate- 
: polyester and (meth)acrylate acrylics and mixtures thereof; and 

(d) 0.1 to 15 parte of one or more photo1nitiator(s>: 
wfieralm all parts are by weight and the number of parts (a) + (b) + (o) + (d) add up to 100. 

14, A process for printing an Image onto a substrate comprising applying thereto an 
Ink according to any one of the preceding claims by means of an ink jet printer and curing 
the Into 

1& A printed metal. plasBc. ceramic, glass, wood or paper substrate obtained by the 
process of claim 14. 

19, An Ink Jet printer cartridge comprising a chamber and an Ink wherein the- Ink Is 
present in the chamber and is as defined in any one of claims 1 to 13. 
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